The GaN epilayers were grown on Si(111) substrates via combining the techniques of AlN buffer, graded AlGaN structure and Si x N y interlayer by metalorganic chemical vapor deposition. The Si x N y interlayers with various growth time (t g ) of 0-60 s were introduced into the growth of GaN epilayers. To thoroughly realize the growth evolution of Si x N y , the measurements of atomic force microscopy, field emission scanning electron microscopy and nano-Auger electron spectroscopy were performed. From the 10 measurement by transmission electron microscopy, it can prove that the nanocrystalline Si x N y was preferentially located at the dislocation cores and pits during growth process. For the fabrication of GaN/ graded AlGaN/AlN/Si, the full width at half maximum (FWHM) of XRD rocking curve at GaN(102) plane was reduced effectively from 965 to 771 arcsec with inserting the Si x N y into GaN epilayer, which resulted from the bending and annihilation of dislocations. 
Introduction
For the applications of lighting and power devices such as blue and ultraviolet lighting emitting diodes, laser diodes and high electron mobility transistors, silicon carbide, sapphire and Si are the preferred substrates for nitride-based epilayer growth.
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Among these substrates, Si wafer has higher superiority than the others due to its advantages of large size (> 6 inch), low cost and good thermal conductivity. 5 However, the melt-back etching between Ga and Si reacted at the growth process can result in a severe degradation of GaN quality. 6 Besides, the both large 25 mismatches of thermal expansion coefficient (CTE, 116%) and lattice parameter (17%) between GaN and Si during cool-down process would lead to a high dislocation density of 10 9 -10 10 cm -2 in the epilayer. 7 It is well known that the optical and electrical properties of GaN-based devices are easily affected by these 30 defects. 8 Fortunately, these problems can be solved by employing various buffer layers including AlN, graded Al x Ga 1-x N, AlN/GaN superlattice, low temperature AlN (LT-AlN), Si x N y interlayer and so on. [9] [10] [11] [12] [13] For the buffer techniques as mentioned above, the Si x N y interlayer is an effective method to reduce the dislocation density 35 of GaN, which is also called the SiN x nanomask or SiH 4 treatment by inducing the silane, disilane (Si 2 H 6 ) and tetraethylsilicon (TESi) as the Si source. 14, 15 Via using the Si x N y interlayer, it not only causes the transformation of growth mode for regrowth GaN from three-dimension (3D) to two-dimension 40 (2D), but also results in the annihilation and bending of threading dislocations (TDs). 16 Most of studies have demonstrated that the improvement in crystal quality of GaN epilayer and the reduction in dislocation density by inserting a Si x N y interlayer. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Additionally, Riemann et. al. have performed a series of 45 experiments to analyze the characteristics of GaN-on-Si material system via the insertion of a SiN interlayer. 31 Their work presents not only the optical and structural properties of GaN overlayers grown on the SiN interlayers with various growth time but also the cathodoluminescence and micro-Raman results of GaN 50 epilayer. Nevertheless, so far, both the growth evolution of Si x N y interlayer and its effect on the surface morphology of GaN are not completely clear. In this study, the correlations between the elements distribution, surface morphology and crystal structure of Si x N y interlayer on GaN underlayer have been investigated in 55 detail, and the growth evolution of Si x N y interlayer can be established. Then the Si x N y interlayer with appropriate growth time was selected for the improvement in GaN epilayer quality via the combination of AlN and graded AlGaN buffer layers. In order to thoroughly realize the growth evolution of Si x N y 60 interlayer, the Si x N y deposited with various growth time (t g ) of 0-60 s were prepared by metalorganic chemical vapor deposition (MOCVD) on the GaN layer. The growth evolution of Si x N y interlayer was investigated in detail via the measurements of field emission scanning electron microscopy (FESEM), atomic force was heated at 1000 °C in H 2 ambient for 10 min to clean its surface. Fig. 1 shows the epilayer structures in our work. Firstly, the AlN nucleation layer and high temperature AlN (HT-AlN) layer were grown at 1000 and 1100 °C, respectively. To investigate the growth evolution of Si x N y , the Si x N y layers (grown 5 at 1050 °C) with various t g of 0-60 s were prepared on 250-nmthick GaN layers deposited on the HT-AlN, as shown in Fig. 1(a) . Then, the 750-nm-thick regrowth GaN layers were further grown on the structures (shown in Fig. 1(a) ) to obtain the optimum t g of Si x N y for GaN epilayer, as shown in Fig. 1(b) . For the sake of 10 improvement in GaN quality, we also adopted the technique of graded AlGaN layers. The three graded AlGaN layers with the thicknesses of 170, 270 and 460 nm were prepared, while the Al contents of these AlGaN were 70%, 50% and 20%, respectively. Next, the Si x N y layer with the optimum t g was combined with 15 graded AlGaN to grow the GaN epilayer. The 1.61-μm-thick GaN epilayers grown on graded AlGaN without and with the introduction of Si x N y interlayer into the GaN were exhibited in Fig. 1(c) and (d) , respectively. The epilayer structures shown in Fig. 1(a) -(d) were denoted as samples A-D, respectively, for 20 further discussions. It can be noted that the growth parameters of GaN for all samples were the same. Surface element distribution, Auger chemical state and depth profile of samples were analyzed by nano-AES. The crystal qualities of GaN films were determined by X-ray diffraction (XRD). Surface morphologies 25 and roughnesses of samples were demonstrated by FESEM and AFM, respectively. Detailed structure and dislocation distribution in samples were observed by TEM.
Results and discussion
To investigate the influences of Si x N y with various t g on sample 30 surface, the surface morphologies of sample A with various t g were observed by FESEM, as shown in Fig. 2 . Before the discussion, we should clarify that the Si x N y nanoparticles with very small size were distributed uniformly on the GaN surface as the t g was increased from 5 to 45 s. Meanwhile, these 35 nanoparticles were gradually merged to form a Si x N y thin film with the thickness about 1.5 nm on the GaN surface with increasing the t g to 60 s. These results will be displayed and discussed later by AES measurements. We can find that the sample A with t g of Si x N y at 5 s presented a flat surface with few 40 nano-pits ( Fig. 2(a) ). As the t g of Si x N y was raised to 15 s (Fig.  2(b) ), the pit amount was increased and combined with the other pits in the vicinity. Apparently, the separated grains with distinct boundaries appeared in the samples with further increasing the t g of Si x N y to 25-30 s, as displayed in Fig. 2(c) and (e). Meanwhile, 45 the significant difference in surface roughness between sample B with t g of Si x N y at 25 and 30 s can be observed by 45º tilt, as shown in Fig. 2(d) and (f). There are two possible reasons to explain this surface phenomenon. Firstly, because the bond strength of Ga-N (103 kJ/mol) was lower than that of Si-N (439 50 kJ/mol), 32 the N atoms would be lost from GaN surface during high-temperature process and the Ga atoms were migrated to recombine with N from NH 3 source in the Si x N y growth. Secondly, the sticking coefficient of the migrated Ga atoms on Si x N y region was lower than that on GaN region, which resulted 55 i n a n i n c r e m e n t o f r e s t r i c t e d G a a d a t o m s i n G a N underlayer within Si x N y region as the t g was increased from 5 to 30 s. Consequently, the pits were formed on the sample surface, and the migrated Ga atoms would move to other GaN regions and 70 aggregate. Based on the results, the surface roughness of sample A cannot be affected effectively via the formation of Si x N y interlayer. It suggested that the surface roughness of sample A mainly depended on the surface roughening of the GaN underlayer. Therefore, the Si x N y nanoparticles tend to deposit on 75 these pit defects due to lower formation energy of critical nucleus in the pit than that on the flat. 28 Finally, the grains were started to merge with increasing the t g of Si x N y from 45 to 60 s, and then the large pits were diminished ( Fig. 2(g ) and (h)). Besides, to demonstrate the influence of Si x N y on GaN surface, a contrasted 80 sample prepared with the same condition without silane flow for t g at 60 s was also observed by FESEM, as exhibited in Fig. 2(i) . It was found that the flat surface appeared in Fig. 2(i to a rough surface, which can be owing to the etching of GaN by introducing silane during the Si x N y formation. 29 However, in our case, the changes in surface of sample A could be resulted from GaN migration via the restriction of Ga adatoms in GaN underlayer within Si x N y region and merging of Si x N y grains as the 5 t g was increased.
Except for the FESEM observation, the surface status of sample A with various t g of Si x N y was also explored from 3D morphology and roughness by using AFM. Fig. 3 (a)-(f) exhibits the AFM images of sample A with t g of Si x N y at 5, 15, 25, 30, 45 10 and 60 s, respectively. At the t g of 5 s (Fig. 3(a) ), the root-meansquared (RMS) value of 0.7 nm can be measured from a flat surface with few small pits. An obvious increment in roughness from 4.7 to 8.5 nm was found with increasing the t g of Si x N y from 15 to 25 s (Fig. 3(b) and (c)), while the surface feature was 15 transformed from numbers of large grains to massive hillocks and valleys. This could be considered that the GaN migration was restricted by Si x N y growth, leading to the surface morphologies in Fig. 3(b) and (c). Further increasing the t g of Si x N y to 30 and 45 s, the RMS values were reduced to 4.3 and 2.9 nm, respectively, as 20 seen in Fig. 3 (d) and (e). Moreover, it can be found a lot of small grains appeared on the surfaces of these two samples. After growing the Si x N y for 60 s ( Fig. 3(f) ), the significant grain growth and merging on surface would cause the roughness increase to 5.2 nm. The result was consistent with FESEM image as presented in 25 
Fig. 2(h).
To identify the existence of Si x N y on the GaN layer, the nano-AES and TEM measurements were used in sequence. According to the nano-AES results, the Auger images for Si x N y with t g of 5-10 s are non-clear, resulting from both too small Si x N y 30 nanoparticles and the resolution limitation in AES measurement. Therefore, the Si x N y layers with t g of 15-60 s grown on GaN were selected to compare their element distributions using nano-AES. implied the thickness of Si x N y was very thin. At the same time, the elemental Si was distributed homogeneously over the surface and increased gradually with the t g of Si x N y , as displayed in Fig.  4(c) . The increment in Si element was also performed from the enhancements both in brightness and intensity of distribution 55 map.
Further confirmation for the binding state of Si on GaN layer was analyzed by Auger chemical spectrum. Fig. 5(a) exhibits the Auger spectrum of sample A with t g of Si x N y at 60 s. According to our analyses, the peaks of C1, O1, N1, Ga1, Ga2, Ga3, Si1 and 60 Si2 were detected from the sample surface. Among these elements, C1 and O1 were originated from adsorbed contaminations of C and O 2 in air, respectively. The Si1 (Si LVV) and Si2 (Si KLL) peaks located at the kinetic energies of 86 and 1616 eV can be identified in this spectrum. In comparison to the 65 Auger peaks of pure elemental Si (93 and 1618 eV) and Si 3 N 4 (84 and 1613 eV), it proved that the Si x N y compound was indeed formed on GaN epilayer. 33 Moreover, the result indicated that the composition of Si x N y was very close to Si 3 N 4 . The distributions of Ga, N and Si elements as a function of depth for the samples 70 with t g of Si x N y at 45 and 60 s were displayed in Fig. 5(b) and (c), respectively. At the t g of 45 s, the atomic concentration of Si on the sample surface was only 3.4%, while an estimation for the thickness of Si x N y layer was less than 1 nm. With an increment of t g to 60 s, the atomic concentration of Si on the sample surface 75 was increased to 8.9%, as well as the Si x N y thickness of 1.5 nm can be achieved. These results were in good agreement with the maps of Si distribution shown in Fig. 4(c) .
More direct evidences for the distribution of Si x N y on GaN layer were provided by the cross-sectional HR-TEM images were exactly located on the flat surface and dislocation, respectively. As the Si x N y was grown on flat plane (region 1), we can observe the non-continuous Si x N y with nanocrystallinity appeared on GaN surface, and its size was measured to about 0.9 nm. On the other hand, it was worth mentioning that the 15 nanocrystalline Si x N y was easily bonded with the dislocation (region 2), which induced an obvious increase in Si x N y size to 6 nm. The results can forceful support the phenomenon about the preferential growth of Si x N y on dislocation cores. As shown in Fig. 6(c) , there were few small pits on the flat surface with 20 increasing the t g of Si x N y to 45 s, and the thicknesses of AlN and GaN were 155 and 250 nm, respectively. Two various regions (1 and 2) marked in Fig. 6 (c) were also further taken by HR-TEM to realize the Si x N y states on pit (region 1) and flat surface (region 2), respectively, as shown in Fig. 6(d) . While the HR-TEM image 25 was focused on the pit, we found that the nanocrystalline Si x N y with the size range of 4-6 nm was formed on the pit sidewall. It also can be observed that there is no substantial increase in the size of Si x N y nanoparticle with the increase in t g . This phenomenon is attributed to the growth rate of Si x N y interlayer. 30 Because the growth rate of Si x N y is very low, it is difficult to observe an obvious increase in the size of Si x N y nanoparticle with increasing the t g from 25 to 45 s. On the contrary, the amount of Si x N y nanoparticle and the homogeneity of nanoparticle distribution are both improved as the t g is increased from 25 to 45 35 s, especially for the Si x N y formation at the location of pits. In these HR-TEM images (Fig. 6(b) and (d)) , the values of dspacing for Si x N y nanoparticles were evaluated to be 2.40 and 1.95 Å, which corresponded to the (311) and (400) planes of cubic Si x N y structure, respectively. Besides, the space group of 40 these Si x N y nanoparticles can be identified to Fd-3m.
From the element mapping and surface morphology results, the Si x N y interlayers with various t g were homogeneously distributed on sample surface. Further detailed information on the structure and size of Si x N y nanoparticles obtained by TEM observation was 45 used to correlate these results. Based on the results discussed above, the growth evolution of Si x N y grown on GaN with increasing the t g was schematically illustrated in Fig. 7(a)-(g) . As shown in Fig. 7(a) , a flat GaN surface was formed at t g = 0 s. The initial Si x N y nanoparticles were preferentially deposited on the 50 dislocation cores and formed pits at t g = 5 s (Fig. 7(b) ). This is ascribed to the presence of N-dangling bonds at terrace and dislocation core, resulting in a preferential formation of Si x N y on the sites. 15 As the t g was increased to 15 s, the pits and Si x N y nanoparticles were increased (Fig. 7(c) ). At t g = 25 s, due to an increase in the restricted Ga adatoms in GaN underlayer within 70 Si x N y region, it resulted in the migration of Ga atoms to other GaN regions, and then the Ga atoms would aggregate. Therefore, the surface roughening of GaN underlayer was observed in Fig. 7  (d) . At t g = 30 s (Fig. 7(e) ), the grain size and surface roughness of sample were both decreased, as confirmed in Fig. 2 (f) and 75 
3(d)
. This could be attributed to the excess distribution of Si x N y nanoparticles, inducing a significant increase in the restricted Ga adatoms in GaN underlayer. Contrarily, the result would lead to the decreases in both migration and aggregation of Ga atoms, forming a reduced surface roughness. Immediately, at t g = 45 s, 80 these excess Si x N y nanoparticles were assembled to aggregated islands with the size-reduced pits on the sample surface ( Fig.  7(f) ). Further increasing the t g to 60 s, the aggregated grains were merged to form a thin film with the smaller pits, as presented in Fig. 7(g) . 85 As we mentioned in sample B (Fig. 1(b) ), the surface coalescence of regrowth GaN on Si x N y interlayers with various t g was utilized to determine the optimum t g . Fig. 8(a) -(e) presents the surface morphologies by FESEM of sample B with t g of Si x N y at 5, 15, 25, 30 and 60 s, respectively. From our observation, the increasing the t g to 60 s, it would lead to the difficultly lateral merging of regrowth GaN from a large distance between each 25 grain, inducing more GaN islands on the sample surface ( Fig.  8(e) ). and 681 arcsec, respectively. As known to all, the XRD curve of GaN(002) plane is sensitive to the screw-and mixed-types of TDs. Additionally, the crystal quality of GaN determined by (102) plane curve was resulted from all types of TDs. 34 As discussed 45 above, the distribution and thickness of Si x N y both increased with increasing the t g . In comparison to the t g at 25 s, the regrowth areas for GaN epilayer were decreased at the t g of 30 s. The decrease in regrowth areas for GaN epilayer would lead to an increment in coalescence distance between each GaN grain. This growth process is similar to the epitaxial lateral overgrowth (ELOG), which can cause a reduction in the density of TD by 60 bending the dislocations. As displayed in Fig. 9 , the epilayer quality of regrowth GaN was improved significantly with an increase of t g from 25 to 30 s, revealing that the t g of 30 s could be the critical point for the transformation of GaN growth to ELOGlike mode. In accordance with the previous research, an 65 enhancement in crystal quality of GaN can be derived from a reduction in the density of TD by annihilating and bending the dislocations as the Si x N y interlayer was employed. 31 This is the reason why the FWHM value of (102) plane can be reduced effectively with increasing the t g of Si x N y from 0 to 60 s. It 70 deserved to be mentioned that the crack formation was created on the surface of sample B with t g of Si x N y at 0-60 s as the thickness o f r e g r o wt h G a N wa s i n c r e a se d t o 1 μ m , a n d t hi s disadvantageous aspect was needed to solve urgently. Especially for the sample with t g of Si x N y at 30-60 s, the crack density was 75 obviously higher than that at the t g of 0-25 s. To obtain the flat surface in regrowth GaN with the t g of Si x N y at 30 and 60 s, the corresponded thickness of regrowth GaN should be thicker than 1 µm at the same growth condition. Therefore, the total thickness of GaN epilayer on AlN/Si would be increased to >2 µm, which was 80 much higher than the critical thickness of GaN (1 µm) and then induced an increase in the crack density. 35 After taking into account the epilayer quality, surface roughness and crack status of sample B with various t g of Si x N y , it indicates that the Si x N y interlayer with t g of 15-25 s would be more suitable for GaN-on- 85 Si structure. Moreover, from our measurement of strain state, it revealed that the sample B with t g of Si x N y at 0-25 s possessed a higher tensile strain. Meanwhile, a relatively low tensile strain was formed in the sample B with t g of Si x N y at 30 s due to its uncoalesced surface. With increasing the t g to 60 s, the strain state of sample B became compressive because of the island growth. The 5 results are similar to those in Riemann et. al. research. 31 Despite of the significant improvement in epilayer quality of sample B, the practicability for device applications on these templates is still not enough. Consequently, further enhancement in the crystal quality of GaN epilayer and the elimination of 10 surface cracks were both required, and the technique of graded AlGaN layer was used in our work. Moreover, to verify the additive effect on GaN quality by combining the Si x N y interlayer and graded AlGaN, the GaN epilayers (1.61 μm) grown on graded AlGaN without and with the introduction of Si x N y into 15 GaN were both prepared to compare their qualities. These two structures were mentioned in Fig. 1 (1(c) and (d) ) and defined as samples C and D, respectively. For the fabrication of sample D, the t g of Si x N y was chosen to 15 s. The crystal quality and surface roughness of samples C and D were presented in Table 1 . In these 20 two samples, there existed similar results of RMS roughness (both of 0.6 nm) and XRD FWHM value for GaN(002) plane (536 and 540 arcsec). Nevertheless, in comparison to their XRD FWHM values for GaN(102) plane, it decreased from 965 to 771 arcsec as the t g of Si x N y was increased from 0 to 15 s. This 25 reveals the epilayer quality of GaN can be further enhanced via the combination of Si x N y interlayer and graded AlGaN techniques. In particular, there was almost no crack formed on the surface, even though the GaN thickness was increased to 1.61 μm, indicating the surface state was also improved remarkably. 30 As presented in sample B without incorporating the Si x N y interlayer, it had a higher tensile strain and the surface crack. However, as the graded AlGaN was added (sample C), it exhibited a crack-free feature on the surface. This implies that the strain in the GaN-on-Si structure can be reduced significantly 35 with adding the graded AlGaN.
Actually, the formation of surface crack can be attributed to both the differences in the lattice parameter and CTE between GaN and Si. However, because the cracks were always formed in the cool-down process, it revealed that the difference in the CTE 40 was the main reason for the crack formation. The CTEs of GaN and Si were 5.59×10 -6 and 3.59×10 -6 K -1 , respectively. Therefore, a large tensile stress in GaN would be generated during the cooldown process. As the AlN and AlGaN buffer layers with smaller lattice parameters and CTEs than those of GaN were grown 45 between Si substrate and GaN epilayer, the compressive stress in GaN was created and compensated the tensile stress. The thermal stresses (ε) of samples B and C were evaluated by using the following relation: ε = Δα(T growth -T RT ), 36, 37 where the Δα is the difference in CTE (α) between the GaN film and underlayer, and -7 K -1 . The tensile strains of GaN in samples B and C were 0.142% and 0.0287%, respectively. The significant reduction in tensile strain of GaN in sample C resulted in crack-free feature on the surface. 60 The TEM measurement was also performed on sample D to investigate the dislocation annihilation and quality improvement in GaN epilayer. The t g of Si x N y inserted in sample D was selected to 15 s. Cross-sectional TEM image of sample D was displayed in Fig. 10(a) , it can be found that various epilayers 65 appeared in the GaN-on-Si structure. Then, the near Si x N y region marked in Fig. 10(a) was taken by HR-TEM image exhibited in Fig. 10(b) . We can observe the nanocrystalline Si x N y grains with the size of 0.8 nm were non-continuously distributed in GaN epilayer. The cross-sectional TEM images with two beam 70 Table 1 . Crystal qualities measured by XRD and surface roughnesses of samples C and D. conditions for two perpendicular diffraction vectors along g=[0002] and g= [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] were shown in Fig. 10(c) and (d [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Therefore, as the mixed-type dislocations both appeared in these two images were confirmed, the screw-and edge-type dislocations can be clearly identified in Fig. 10(c) and (d), 10 respectively. It was observed that most of dislocations were annihilated in graded AlGaN region. Then the edge-type dislocations can be further annihilated via the insertion of a Si x N y interlayer, as shown in Fig. 10(d) 0.5185 nm). By using the equations, the total dislocation density of sample D was evaluated to be 3.69×10 9 cm -2 . Based on the observation of cross-sectional TEM image ( Fig. 10(a) ), the dislocation density of sample D was estimated to be 3.8×10 8 cm -2 . For the XRD measurement, both the dislocations formed in GaN 25 underlayer and regrowth GaN layer were estimated for the dislocation density. Nevertheless, as the cross-sectional TEM image was used, only the dislocations formed in regrowth GaN layer were evaluated for dislocation density. This was the reason why the dislocation density obtained from the XRD result was 30 much higher than that from the cross-sectional TEM image. Furthermore, the bending and annihilation of dislocation with the assistance of Si x N y interlayer were presented in three types of dislocation (types I, II and III), as provided in Fig. 10(e) . For type I, it revealed that the Si x N y pinned the surface dislocation and 35 then induced a line bending of dislocation to the basal plane. As observed in type II, the dislocation was also pinned by Si x N y . However, the dislocation underwent two successive bending and went back to the original growth direction. In type III, it consisted of two dislocations belonged to type II with the opposite Burgers 40 vector (b). Besides, these two dislocations in type III would encounter to each other and form a dislocation loop. Obviously, the reduction in dislocation density was mainly ascribed to the mechanisms of types I and III through bending and annihilation. The phenomenon agreed well with the result proposed by Contras 45 et. al. 
Conclusions
In summary, the GaN-on-Si structures were fabricated by metalorganic chemical vapor deposition. For the t g of Si x N y at 15-25 s, the formation of rougher surface was due to the restriction 50 of Ga adatoms in GaN underlayer within Si x N y region, and the migrated Ga atoms would move to other GaN regions and aggregate. At t g = 30 s, the excess distribution of Si x N y nanoparticles would cause a significant increase in the restricted Ga adatoms in GaN underlayer. Contrarily, the result can induce 55 the reductions in both migration and aggregation of Ga atoms, leading to the decrease in surface roughness. With increasing the t g to 45-60 s, the smoother surface can be resulted from the Si x N y grain growth and merging. Moreover, the direct evidence from TEM measurement suggested that the nanocrystalline Si x N y 60 preferred to reside at the locations of dislocation cores and pits on surface than that of flat region without dislocation. Further enhancement in crystal quality was achieved using the structure of GaN/graded AlGaN/AlN/Si with inserting the Si x N y layer. We can observe that it has almost no crack existed on the sample 65 surface by employing this structure, even though the GaN thickness is risen to 1.61 μm. The XRD FWHM value for GaN(102) plane was reduced from 965 to 771 arcsec as the Si x N y with t g of 15 s was inserted into GaN. Additionally, the dislocation in GaN epilayer can be bent and annihilated with an 70 addition of Si x N y interlayer. The improvement in epilayer quality was mainly because of the line bending of dislocation to the basal plane and annihilation of dislocation.
